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In Memory of Michele Wheeler 
(1974 ς 2020) 

 

 

This report was conceived and largely written by Michele Wheeler, our colleague, mentor, and friend. 

Michele was passionate about protecting the Great Lakes and waterways of Northern Wisconsin, and 

dedicated her life to it for many years, as a fish biologist for the Great Lakes Fish and Wildlife 

Commission, a fisheries biologist for the Fish and Wildlife Service, the Executive Director for the Bad 

River Watershed Association, and as the Lake Superior Program Coordinator for the Lakewide Action & 

Management Plan (LAMP) for the Wisconsin Department of Natural Resources (WDNR). Besides being 

an exceptional biologist, Michele had extraordinary skills in listening, bringing stakeholders together, 

and making everyone feel like an equal partner. She was a real listener and had a talent for balancing 

diverse perspectives and finding common ground. We looked forward to meetings with Michele because 

of the energy she brought to her work. Michele made any day in the field feel like a fun adventure. She 

ƭƛǾŜŘ ōȅ ƘŜǊ ƳƻǘǘƻΣ ά²ƻǊƪ ƘŀǊŘΣ ƘŀǾŜ ŦǳƴΣ ŀƴŘ ōŜ ƴƛŎŜ ǘƻ ǎƻƳŜƻƴŜ ǘƘŀǘ ƴŜŜŘǎ ƛǘΦέ 9ǾŜǊȅƻƴŜ ƭƻǾŜŘ 

Michele for her big, fun, and caring heart. Michele passed away in 2020 after a nine-year battle with 

cancer, which she courageously shared with the world through her blog, Crack in the Wall: Letting in 

Light on Hard Times, and memoir, The Throbbing Moon and the Three Season Tango. She leaves behind 

an inspiring legacy of work ǘƻ ǊŜǎǘƻǊŜ ŀƴŘ ǇǊƻǘŜŎǘ [ŀƪŜ {ǳǇŜǊƛƻǊ ŀƴŘ ƴƻǊǘƘŜǊƴ ²ƛǎŎƻƴǎƛƴΩǎ ǎǘǊŜŀƳǎ ŀƴŘ 

rivers. Lǘ Ƙŀǎ ōŜŜƴ ŀƴ ƘƻƴƻǊ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘƛǎ ǇŀǇŜǊ ǘƻ ƘŜƭǇ aƛŎƘŜƭŜΩǎ ƭŜƎŀŎȅ ƭƛǾŜ ƻƴ ǘƘǊƻǳƎƘ ŎƻƴǘƛƴǳŜŘ 

conservation efforts in the basin that she was so passionate about.   

- The Coauthors 
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Executive summary 
Watersheds in the Wisconsin portion of the Lake Superior basin, specifically those in the red clay plains, 

are susceptible to degraded water quality from eroding stream banks, which can impact in-stream 

habitat and result in excessive nutrient loading (WDNR, 2007a). Watershed conservation efforts in the 

region that seek to improve water quality in streams and rivers have largely focused on restoring and 

protecting hydrology by άǎƭƻǿing the flow.έ  Slow the flow (STF) practices seek to reduce peak flows 

with a watershed-scale hydrologic restoration approach that increases in-channel roughness and 

sinuosity, surface roughness, water storage in wetlands, and infiltration. Recent efforts have sought to 

improve implementation of slow the flow across jurisdictions, agencies, land use, and land ownership 

types, and to identify priorities for conservation efforts across the basin. This report summarizes an 

extensive literature overview to inform strategic slow the flow efforts ƛƴ ²ƛǎŎƻƴǎƛƴΩǎ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ [ŀƪŜ 

Superior basin. This report focuses on research, monitoring, and management publications covering this 

region, but also includes work in other areas with similar hydrology, land use, and soils.  

 

This report falls within the context of a long history of stewardship of the landscape and many recent 

conservation initiatives. The Lake Superior basin in Wisconsin is the traditional, ancestral, and modern 

home of the Anishinaabe.  The Anishinaabe have been stewards of this land for centuries. Through 

treaties, the Anishinaabe ceded most of the basin to the U.S. in the mid-1800s, retaining rights to 

forage, hunt, fish, and practice traditional lifeways. Today the Bad River and Red Cliff Bands of Lake 

Superior Chippewa manage reservations within the Wisconsin portion of the Lake Superior basin, and 

the Great Lakes Indian Fish and Wildlife Commission works to support treaty rights in the ceded 

territories. Tribal nations and agencies are crucial partners in the work to manage water quality in the 

basin. 

 

European land use practices from the mid-1800s to the mid-1900s greatly altered the hydrologic 

regimes in the basin. In the last 50 years, there have been diverse efforts to address these issues 

through restoration. The goal of this report is to move towards establishing consistent conservation 

goals and priorities across the basin based on the best available knowledge, to assist STF practitioners in 

planning projects. While outside the focus of this report, hydrologic restoration also has important 

implications for nutrient enrichment, sediment contamination, fish and wildlife habitat, and biodiversity. 

This report will also help identify synergistic opportunities to address these concerns.   

 

Report Overview 

This report includes background on slow the flow efforts in the Lake Superior Basin, with a focus on 

bringing together scientific knowledge to form recommendations for best practices. The section titled 

Recommendations includes STF recommendations for each land type based on a literature review, a 

framework for a watershed-scale strategic approach, and a discussion of how that framework could be 

implemented. The report concludes with a discussion of future needs.  In Appendix 2, readers can find 

an extensive literature summary that includes background information about the Lake Superior basin in 

Wisconsin, including an introduction to the geomorphology, land cover, climate, and hydrology of the 

basin. This appendix also includes an overview of the relevant scientific literature organized largely by 

landscape characteristics, including watershed storage (wetlands), surface roughness, forest cover, 
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agricultural, urban, and rural residential lands. These sections provide context for the recommendations 

provided in the main section of the report. This paper was a part of the Lake Superior Collaborative 

symposium held on April 29th, 2022, where partners were able to provide feedback on 

recommendations as next steps. This information is captured in Appendix 1, to influence future planning 

efforts.  

 

Watershed-scale strategic approach 

We recommend a watershed-scale strategic approach to hydrologic restoration whereby priorities for 

hydrologic restoration are considered within the context of the larger basin so funding and efforts can 

be focused in subwatersheds and locations where they will have the greatest impacts. We propose a set 

of parameters and ranking criteria identified from our literature review that constitutes a framework to 

implement a watershed-scale STF approach.  Where available, we identify basin-wide datasets that 

could be used to implement that framework and prioritize STF efforts in the basin. We also identify data 

gaps and newly available data that could improve the STF framework.  

 

We recommend the following hierarchical parameters for ranking subwatersheds for STF efforts:  

1. Primary Criteria 

1.1. percent storage by subwatershed, and 

1.2. peak discharge/subwatershed area ratio, and 

1.3. percent open land by subwatershed. 

2.  Secondary Criteria 

2.1. percent of total wetland area with surface water attenuation by subwatershed, and  

2.2. proportion of riparian area not mapped as wetland by subwatershed, and  

2.3. proportion of forested riparian areas of total riparian area by subwatershed 

3. Tertiary Considerations 

3.1. locations of inactive farmland,  

3.2. transition zone and soil permeability, 

3.3. downstream coastal ecosystem or habitat type, and  

3.4. land ownership type.  

 

A multicriteria decision matrix could be used to incorporate these multiple metrics to prioritize among 

watersheds and subwatersheds. Where available, we present the data to do that in the report. 

However, we also describe additional desktop and field assessments that are needed to develop a 

complete, holistic decision matrix for prioritizing STF work in the basin.  

Recommended STF Actions 

The following list summarizes the recommendations identified based on a review of primary literature 
and work completed by resource managers.  These are described in more detail in the report and the 
literature review in the report appendix. The report was created with and on the behalf of a broad 
partnership and published by the Wisconsin DNR. Note that this document does not represent any legal 
requirements. Some local jurisdictions might have more restrictive recommendations/requirements 
than what are discussed here, check with your local laws and restrictions when considering the 
implementation of these practices. 
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Watershed Storage 

¶ Target wetland restoration efforts to maximize an increase in overall watershed storage, 
including where wetlands can maximize storage and help desynchronize flows. (This needs to be 
considered carefully as artificially raising water elevations to provide more storage causes more 
harm than good). 

¶ Use Height Above Nearest Drainage (HAND) analysis to identify priority floodplain wetlands for 
restoration and protection. 

¶ Protect high-functioning watershed storage and hydrologic processes in existing wetlands and 
floodplains. 

¶ Investigate potential opportunities to install wetlands, grassed waterways, and two-stage 
ditches in agricultural fields.   

¶ Install multiple smaller projects in headwater areas, in parallel along multiple tributaries, for a 
greater cumulative increase in storage as opposed to restoring a large single site lower in the 
watershed.  

¶ Design low-tech process-based restoration approaches (Wheaton et al., 2019). 

¶ Design wetland restoration sites to include flow dispersal and grade control structures that 
enable natural water level fluctuations, rewetting degraded areas with flood pulses and excess 
flows, and reconnecting other wetland areas to the site and stream channel. 

Agriculture  

¶ Pursue opportunities to harness transitional agricultural areas to increase interception, 
infiltration, and retention. 

¶ Incentivize STF flow practices and non-point source runoff trading. 

¶ Implement best management practices on intensive farmlands. 
Upland and In-Channel Roughness 

¶ Map gully type and apply appropriate restoration actions for groundwater- or surface water-
driven gullies. 

¶ Implement in-channel work consistent with geomorphic studies, with a focus on low-tech 
solutions. 

Urban and Rural Residential 

¶ Identify and prioritize STF efforts upstream of urban centers that will reduce peak flows and 
flooding in developed areas. 

¶ Implement bioretention and stormwater management approaches to help protect urban 
infrastructure.  

¶ Continue assessments to identify and prioritize replacement or upgrades of road-stream 
crossings that have undersized culverts, are barriers to organism passage, or have eroding soils.  

Forestry 

¶ Implement existing guidelines for Forestry BMPs. 

¶ Establish an open lands percentage threshold for hydrology and water quality protection, and 
establish standard, repeatable methods for assessing open lands by subwatershed. 

¶ Clarify the delineation of the Riparian Management Zones (RMZs) to determine consistent 
standards for width and allowable practices in RMZs. 

¶ Establish a consistent definition of unproductive steep slopes for private and public lands and 
promote BMPs at those sites.  

Receiving Waters 

¶ Prioritize STF efforts in watersheds that drain to poor fen coastal wetlands. 
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Next steps 

The multiple land ownership types and land uses in the basin make watershed planning and 

management challenging. To move forward with our recommendations, we identified several needs. 

These include continued support and funding for the ongoing monitoring that has informed decisions to 

date, formal assessment of the effectiveness of past restoration projects and agricultural BMPs, funding 

for new and ongoing research to understand the impacts of climate change and invasive or nuisance 

species like emerald ash borer, and improved capacity for data management and sharing. 

 

Also needed are high-resolution land cover, high-resolution hydrologically corrected elevation data 

(from LiDAR) and an accurate delineation of open lands data, all collected at regular intervals. A basin-

wide map of historic and modern ditch networks would also help to inform the prioritization of wetland 

restoration. Although this report has focused on prioritizing hydrologic restoration, our review of 

existing knowledge emphasizes the importance of protecting current watershed storage. Efforts to 

protect high-functioning wetlands and landscapes should also be incorporated formally into any 

strategic approach. 

 

Lastly, implementing a strategic effort to slow the flow and improve water quality across the basin will 

require not just maintenance of the many wide and effective partnerships in the basin, but a further 

broadening of partnerships across industries, disciplines, and agencies.   
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Introduction  

Background  

To protect tributary and Great Lake water quality and habitat for aquatic organisms, conservation must 

address land cover and land use practices in uplands and the headwater portions of watersheds. 

Without work to reduce overland flow and runoff, any downstream efforts to promote healthy fisheries 

and water quality will have limited results.  

 

Watershed hydrology and streamflow are major determinants of the composition, structure, and 

dynamics of aquatic and riparian ecosystems (Poff and Ward, 1989, Richards et al., 2002, Seeger et al., 

2004, Harman et al., 2012). A combination of climate, geology, and landscape-scale watershed 

conditions affect the volume, velocity, and timing of streamflow. Air temperature, humidity, 

topography, land cover, and soil composition determine rates of evaporation, infiltration, and runoff 

that influence streamflow response to precipitation events (USGS, 2016).  Contributions of groundwater 

to streams influence baseflow characteristics between runoff events. Low flow and high flow events, 

along with the variability in flow regime across seasons and years define the hydrologic character of 

streams and rivers.  

 

Hydrology, in turn, affects sediment erosion and transport, water quality, and in-stream habitat for a 

huge number of species (Fitzpatrick and Knox 2000, Carpenter et al., 1998, Detenbeck et al., 2003, 

Brazner et al., 2004, and others). Both resident and migratory fish species are affected by hydrology in 

Lake Superior streams. High sediment loads carried by floodwaters are deposited on streambeds, 

smothering spawning gravel and filling in deep pools favored by fish. In-stream sedimentation also limits 

macroinvertebrate production, a food source for many fish species (Henley et al., 2010). Seasonal 

hydrologic patterns trigger life history events for many species, with high flows in spring triggering 

spawning runs for many species like walleye and sturgeon, and low flow events encouraging organisms 

to seek adequate habitat and preferred temperatures (Poff et al., 1997).   

 

Changes in land use and land cover affect hydrology. At the time of European contact, the Ojibwe 

people inhabited the region for centuries, with lifestyles and economies based on forest and wetland 

resources. Ojibwe land management practices helped shape the ecosystems of the region (Steen-Adams 

et al., 2011). Today, there are two reservations within the Wisconsin region of the Lake Superior 

Chippewa reservations in the basin, the Bad River Reservation east of Chequamegon Bay, and the Red 

Cliff Reservation on the northern tip of the Bayfield Peninsula.  

 

European settlers had a large impact on basin land cover starting in the late 1800s with extensive forest 

clearing, followed by agricultural development and repeated clear-cut logging. These practices have 

altered stream channels and streamflow patterns, as well as sediment dynamics of erosion and 

deposition in streams for nearly 200 years (Fitzpatrick et al., 1999, Fitzpatrick and Knox, 2000, Lenz et 

al., 2003, Fitzpatrick, 2005, Fitzpatrick et al., нлмрύΦ CƛǘȊǇŀǘǊƛŎƪΩǎ ǎǘǳŘƛŜǎ implicate changes in flood 

magnitudes resulting from land cover change including forest conversion and wetland drainage as the 

main cause of valley bluff failures along steep stream channel segments. Consequently, sedimentation 

rates in river mouths at Lake Superior also increased.  
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Agencies in ²ƛǎŎƻƴǎƛƴΩǎ Lake Superior basin began conservation efforts to improve watershed quality 

about 60 years ago (Red Clay Interagency Committee, 1964, 1971, 1979). The Red Clay Interagency 

Committee (RCIC) was formed in 1956 with members from many federal, state, and local agencies to 

identify solutions to erosion problems in the red clay area of the Lake Superior basin. In 1971, at the 

request of the Governor of Wisconsin, the RCIC developed a Wisconsin-wide plan to reduce erosion and 

sedimentation in Lake Superior tributaries, which later expanded to Minnesota for a total of 5 counties 

throughout the red clay region. The RCIC worked with private landowners to implement and assess the 

efficacy of a variety of projects intended to reduce erosion and sedimentation, (see review in Fitzpatrick 

et al., 2015). These efforts have largely focused on restoring and protecting hydrology by άslowing the 

flow.έ ¢ƘŜ slow the flow (STF) approach seeks to reduce peak stream flows by using a watershed-scale 

hydrologic restoration approach that increases in-channel roughness and channel sinuosity, 

subwatershed land surface roughness, water storage in wetlands, and infiltration. Local natural resource 

managers have implemented forest management, wetland restoration, channel restoration, agricultural 

best management practices (BMPs), and green infrastructure projects to restore a natural hydrologic 

regime, with an expectation of improvements to water quality and habitat. Demonstration and 

restoration projects in the Lake Superior basin have been implemented since the mid-20th century.  

 

Many local organizations seek to continue STF efforts in the basin (Ashland County, 2010, Bayfield 

County, 2010, Bro and Fratt, 2011, BRWA 2011, Douglas County, 2009, Jereczek et al., 2011). Multiple 

partnerships have supported STF efforts in the Lake Superior basin of Wisconsin, including the Lake 

Superior Basin Partner Team (1998-2012), the Chequamegon Bay Area Partnership (2009-2017), and the 

Lake Superior LandǎŎŀǇŜ wŜǎǘƻǊŀǘƛƻƴ tŀǊǘƴŜǊǎƘƛǇ ƻǊ άWƻƛƴǘ /ƘƛŜŦǎΩ tǊƻƧŜŎǘέ όнлмп-2017). Through the 

Wƻƛƴǘ /ƘƛŜŦǎΩ [ŀƴŘǎŎŀǇŜ wŜǎǘƻǊŀǘƛƻƴ tŀǊǘƴŜǊǎƘƛǇΣ ǘƘŜ CƻǊŜǎǘ {ŜǊǾƛŎŜ ό¦{C{ύ ŀƴŘ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ 

Conservation Service (NRCS) worked together to improve the health of forest land connected to 

privately owned lands. This included restoring landscapes by reducing wildfire threats to communities 

and landowners and protecting water quality and enhancing wildlife habitat. Building on these prior 

partnerships, the Lake Superior Collaborative (LSC) was formed in 2018 to coordinate protection and 

ǊŜǎǘƻǊŀǘƛƻƴ ŜŦŦƻǊǘǎ ƛƴ ²ƛǎŎƻƴǎƛƴΩǎ [ŀƪŜ {ǳǇŜǊƛƻǊ ǿŀǘŜǊǎƘŜŘ ŀƴŘ ǇǊƻƳƻǘŜ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎȅΦ 

 

Purpose and scope 

DNR and many regional partners have sought to improve the strategic approach of slow the flow efforts 

through the Landscape Restoration Partnership and the Lake Superior Collaborative. A team of resource 

professionals from the region identified priority subwatersheds for restoration (Wheeler et al., 2014). 

The effort identified a few criteria for prioritizing subwatersheds including the amount of open land and 

its position in the watershed, with emphasis on watersheds with known hydrologic degradation and 

accelerated sedimentation. The team also identified best management practices for those locations. 

With landscape-scale maps of where to work, the team began to consider identifying the desired future 

condition of these subwatersheds and restoration activities to achieve these conditions. This led to 

questions about how to refine criteria, how to link criteria to priority actions, what level of change will 

result in the desired response in condition, and what the indicators of success should be. 
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To help answer these questions, this report compiles the existing scientific information on the causal 

links between watershed condition and streamflow, with an emphasis on research from the Lake 

Superior basin of northern Wisconsin (Figure 1).  Hydrologic, geomorphic, chemical, and biological 

attributes of lotic systems are highly interdependent. A complete discussion of the relationships 

between hydrology and these other components is beyond the scope of this report. Instead, we intend 

that this report provides a useful overview of stream hydrology as a proximate driver of sediment and 

biological interactions in lotic systems. This paper focuses primarily on reviewing the hydrologic effects 

of land use and land cover from published studies.  From this, we suggest a framework for prioritizing 

STF ŜŦŦƻǊǘǎ ŀŎǊƻǎǎ ²ƛǎŎƻƴǎƛƴΩǎ [ŀƪŜ {ǳǇŜǊƛƻǊ ōŀǎƛƴΦ  

 

 
CƛƎǳǊŜ мΦ [ŀƴŘ ƻǿƴŜǊǎƘƛǇ ƛƴ ²ƛǎŎƻƴǎƛƴΩǎ [ŀƪŜ {ǳǇŜǊƛƻǊ ōŀǎƛƴΦ {ƻǳǊŎŜΥ https://maps.usgs.gov/padus/ 

USGS Protected Areas Database of the United States. Manager types from top to bottom include: 

Bureau of Land Management, City, County, U.S. Fish and Wildlife Service, Non-Governmental 

Organization, National Parks Service, Others, Private, Regional Agency, State DNR, U.S Forest Service, 

Tribal 

 

https://maps.usgs.gov/padus/
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Recommendations 
We have summarized a substantial body of literature on the relationships among land use/land cover 

and hydrologic responses relevant for management of the Lake Superior basin in Wisconsin, this can be 

found in Appendix 2. In general, the best available practices seek to slow runoff and reduce peak flows 

through increasing upland infiltration, watershed storage, upland roughness, and in-channel roughness. 

In this chapter, we summarize our recommendations derived from this literature review by land use 

category.  We discuss the need for a watershed-scale strategic approach and summarize the state of the 

science for identifying priority locations for slow the flow work in the basin. To implement this type of 

approach, a decision matrix could be used to incorporate multiple metrics and prioritize needs by 

subwatershed. We present some of the data needed to do that here. We also describe additional 

desktop and field assessments, and research that is needed to develop a complete, holistic decision 

matrix for prioritizing slow the flow efforts at the basin scale.  

 

Established recommendations and work to date  

Watershed storage and wetland restoration 

Increasing watershed storage via wetland restoration or water and sediment control basins is a high 

priority throughout the basin (Bro and Fratt, 2011, BRWA 2011). The U.S. Fish and Wildlife Service has 

been a partner on 94 wetland restoration and/or enhancement projects within the basin over the last 15 

years. Sites range in size from less than 0.2 hectares to 13.7 hectares and average 1.6 hectares (just 

over 16,000 square meters). The average depth of most restored and/or enhanced wetlands is 1 meter 

deep.  Most of the projects have been implemented on the Lake Superior clay plain, but some have 

occurred in suitable areas of mixed glacial till in higher elevation areas as well as in sandier locations and 

barrens habitat.  Typically, within the drier locations, groundwater near the surface is needed to provide 

a reasonable water source.  Types of projects include levee construction to block drainage ditches and 

removing sediment from low depressional areas (Figure 2) and maintenance of water control structures 

on impounded wetlands and small flowages. Funding for these projects has been provided by a myriad 

of partners including private landowners, non-government organizations, county governments, and 

federal agencies.  Wetland projects conducted in partnership with the U.S. Fish and Wildlife Service have 

focused on maximizing aquatic habitat for migratory birds and waterfowl that prefer water depths of 1 

meter or less because these areas are inhabited by many types of aquatic invertebrates and produce 

rich aquatic plant growth.  Most sites occur in agriculture fields that were previously hayed on an annual 

basis. 
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We recommend targeting wetland restoration efforts to maximize an increase in overall watershed 

storage, including where wetlands can maximize storage and help desynchronize flows. In particular, 

we recommend the following:  

 

¶ Use Height Above Nearest Drainage (HAND) analysis to identify priority floodplain wetlands for 

restoration and protection (see discussion under Parameter data sources and analysis below). 

¶ Protect high-functioning watershed storage and hydrologic processes in existing wetlands and 

floodplains.  

¶ Investigate potential opportunities to install wetlands, grassed waterways, and two-stage 

ditches in agricultural fields.   

¶ Install multiple smaller projects in headwater areas, in parallel along multiple tributaries, for a 

greater cumulative increase in storage as opposed to restoring a large single site lower in the 

watershed.   

¶ Design low-tech process-based restoration approaches (Wheaton et al., 2019).  

¶ Design wetland restoration sites to include flow dispersal and grade control structures that 

enable natural water level fluctuations, rewetting degraded areas with flood pulses and excess 

flows, and reconnecting other wetland areas to the site and stream channel. 

 

Additional recommendations:  

We also recommend exploring the Wisconsin Wetland Conservation Trust (WWCT) as a potential source 

of funding for future wetland restoration work in the basin. It is the statewide in-lieu fee program 

administered by the Wisconsin DNR for the mitigation of wetlands. Through the purchase of credits 

from the WWCT, permitees can mitigate unavoidable impacts to wetlands. The WWCT then invests that 

funding in wetland restoration projects across the state. No restoration projects have been done in the 

Lake Superior service area since the WWCT was created in 2014. However, credits have been sold in the 

Lake Superior service area, and the WWCT is a potential source of funding for wetland restoration in the 

future.   

 
CƛƎǳǊŜ нΦ ²ŜǘƭŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴ ǇǊƻƧŜŎǘ ƛƴ ²ƛǎŎƻƴǎƛƴΩǎ [ŀƪŜ {ǳǇŜǊƛƻǊ ōŀǎƛƴ ŀύ ǇŀǎǘǳǊŜ ŀƴŘ ŘǊŀƛƴŀƎŜ 

ditches pre-restoration and b) seven years post-restoration. 
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Upland and in-channel roughness 

To increase upland and in-channel roughness: 

 

Implement forestry BMPs (Table 1) to maintain infiltration and vegetative cover.  

Wisconsin DNR has made recommendations and described BMPs to maintain the filter function of the 

forest floor and protect the natural systems (WDNR, 2007a, WDNR, 2007b, WDNR, 2008 and others). 

Continued adherence to these BMPs is recommended.  
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Table 1. BMPs that reduce peak stream flows impacts on water system from Lewandowski et al., 2015.  

 Effects 

BMPs  In
cr

e
a

s
e
 s

p
ri
n

g
 t

ra
n

sp
ir
a

ti
o

n 

In
cr

e
a

s
e
 f

ilt
ra

tio
n 

In
cr

e
a

s
e
 s

o
il w

a
te

r 
h

o
ld

in
g

 c
a

p
a

ci
ty 

In
cr

e
a

s
e
 o

p
e
n

 w
a

te
r 

e
va

p
o

ra
ti
o

n
 

R
e
d

u
ce

 p
e
a

k
 f

lo
w

s 

R
e
d

u
ce

 in
-s

tr
e

a
m

 v
e
lo

ci
ty 

1. Infield: crop and soil management       

Perennial crops, and crop rotations with perennials or winter 
annuals 

Å Å Å  Å  

Cover crops Å Å Å  Å  

Reduced tillage, contour cropping, and residue management  Å Å    

Compaction management  Å Å    

Manure application  Å Å    

2. Infield: drainage water management       

Alternative drainage design (depth, spacing, capacity)     Å  

Controlled drainage     Å  

Alternative tile inlets  Å   Å  

3. Infield and edge-of-field: surface flow management       

Grassed waterways Å Å   Å  

Filter strips, contour buffer strips Å Å   Å  

4. Infield and edge-of-field: water storage and infiltration       

Saturated buffers  Å   Å  

Restored and constructed wetlands  Å  Å Å  

WASCOBs, terraces, and detention basins  Å   Å  

Ponds and irrigation reservoirs    Å Å  

Large retention basins  Å  Å Å  

5. Ditch channel: water retention       

Structures for water control, including weirs and restricted size 
culverts 

    Å Å 

Two-stage ditch with restricted size culverts     Å Å 

6: Riparian area: restoration and protection        

Riparian vegetation Å Å     

Streambank, bluff, and shoreline protection       

Restore channel meanders           Å 
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Map gully type and apply appropriate restoration actions for groundwater- or surface water-driven 

gullies. 

The type of gully erosion and sediment loading differs throughout the basin and has not yet been well 

characterized (Fithzpatrick et al., 2005) LIDAR data, which is available for many parts of the basin, should 

be used to locate and identify gully types as groundwater sapping or overland flow driven types. In 

groundwater-driven gullies, restoration should focus on increasing interception with coniferous tree 

planting. In surface water-driven gullies, increased roughness elements to promote increased infiltration 

should be prioritized.  Vegetative filter strips that slow runoff and detention basins that store runoff are 

recommended for the head of ephemeral gullies. 

 

Implement in-channel work consistent with geomorphic studies, with a focus on low-tech solutions. 

In-channel projects to increase roughness should be used cautiously and selectively in the basin, based 

on the mixed success of previous projects. Sediment loading is substantial in many systems and installed 

roughness elements may be quickly buried, with little lasting ecological effect. Likewise, increasing peak 

flows due to a changing climate could wash out projects not designed for changing flow conditions. This 

type of restoration should only occur in watersheds and locations where geomorphic conditions and 

sediment dynamics are well-understood and should focus on low-tech designs simulating natural 

processes (Wheaton et al., 2019). 

 

Forestry 

We recommend working collaboratively with LS stakeholders to:  

 

Implement existing guidelines for Forestry BMPs. 

There are multiple guidelines and best management practices (BMPs) that have been developed to help 

land managers implement practices designed to protect natural systems at national, statewide, and Lake 

Superior basin scales (Table 2 of Appendix 4). Forestry-related BMPs that slow surface runoff in the Lake 

Superior basin include maintaining forest cover, promoting mature forest types, protecting adequate 

riparian zones, and managing steep, erodible slopes. 

 

Establish an open lands percentage threshold for hydrology and water quality protection, and 

establish standard, repeatable methods for assessing open lands by subwatershed. 

Several efforts have identified target minimum percent open land area thresholds for protecting 

hydrology and water quality in the basin (i.e., thresholds percentages of open land that should not be 

exceeded). In 2009, the Wisconsin DNR compiled the amount of open land in hydrologic units identified 

in Wheeler et. al., 2014 ǘƘǊƻǳƎƘƻǳǘ ²ƛǎŎƻƴǎƛƴΩǎ [ŀƪŜ {ǳǇŜǊƛƻǊ .ŀǎƛƴΦ WDNR (2010) described open land 

as young forests, agricultural lands, and urban areas. In areas currently below 40% open land, timber 

harvest and forest opening were supported for a variety of benefits. Caution is recommended in 

subwatershed units currently with 40% to 55% open lands. Creating additional open land in areas 

currently greater than 55% open land is not recommended. WDNR (2010) emphasizes the importance of 

scale in evaluating the proportion of open lands. HUC 12 watersheds were used to determine larger 

focal areas, and smaller hydrologic units used in the analysis were delineated by Verry (approximately 

2.5 km2 in area, Benck et al., 2018) to evaluate the potential for open lands to have downstream effects 
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on hydrologic integrity (WDNR 2010). The Nemadji Basin Plan established a target of less than 40% open 

land area in subwatersheds approximately 10 square miles in size (NRCS, 1998). Likewise, a target of less 

than 40% open land area was identified for the Marengo River watershed (BRWA, 2010). The Douglas 

County Land and Water Conservation Plan 2010 ς 2020 (Douglas County, 2009) recommends converting 

open lands, particularly marginal pastures, to mature conifer forests to minimize the impacts of 

snowmelt runoff. The plan recommended maintaining a minimum of 40% forest cover in HUC 14 

watersheds (Douglas County, 2019). Most recently, efforts to focus on watershed-scale hydrologic 

restoration under the Landscape Restoration Partnership targeted hydrologic units with 40 to 55% open 

ƭŀƴŘǎ ǳǎƛƴƎ ±ŜǊǊȅΩǎ subwatersheds (Wheeler et al., 2014).  

 

A single open lands threshold should be identified for consistency across the basin. In addition, 

standard, repeatable methods for assessing open lands should be identified. One issue with past 

analyses is that HUCs are not always full watersheds and sometimes have additional HUCs upstream or 

downstream that they flow to or receive flows from.  Calculating the proportion of open lands for HUCs 

could result in misleading estimates of the proportion of open lands and how they might affect 

watershed hydrology.  Instead, the percent open lands could be calculated using GLAHF hydrologic data 

layers, which are a standard nested Great Lakes hydrologic framework (see Forsyth et al., 2016 and 

άwatershedsέύΦ 

 

Clarify the delineation of the Riparian Management Zones (RMZs) to determine consistent standards 

for width and allowable practices in RMZs. 

Recommendations from federal, state, and regional initiatives on the size of RMZs differ greatly (See 

Table 2 in Appendix 2), and a standard definition is needed to prioritize STF efforts. Most methods 

describe RMZs as a linear feature with a width that varies between 10 ς 30 meters from the waterline or 

ordinary high-water mark (OHWM). The Nemadji River Basin Project defines riparian zones in the red 

clay plain as the entire floodplain and adjacent slopes that are 20% or greater, including intermittent 

channels (NRCS, 1998).  Management approaches in RMZs also vary, but most existing 

recommendations include encouraging forest composition that mimics pre-European settlement 

mixtures of deciduous and coniferous trees, with an emphasis on mature, older-successional, and 

shade-tolerant species.  Murphy and Koski (1989) found that nearly all large wood in stream channels is 

derived from within 30 meters of the stream channel. Interfluve (2003) therefore recommended no 

harvest of live or dead trees in this zone to promote wood recruitment to stream channels where it 

functions as a roughness element, promotes nutrient cycling, and provides habitat for many species. 

Interfluve (2003) also recommends buffers at the top of valley-edge erosion points to reduce surface 

runoff volumes, consistent with recommendations in the Fish Creek watershed to stabilize drainages 

from farmlands to waterways (Bro and Fratt, 2011).  

 

Establish a consistent definition of unproductive steep slopes for private and public lands and 

promote BMPs at those sites.  

The steep clay slopes in the Lake Superior basin are highly erodible. When adjacent to stream channels, 

mass wasting of these slopes leads to sediment inputs to stream channels. There is currently no 

consensus on the definition of steep erodible slopes, nor on appropriate BMPs for these sites. WDNR 

(2007a) defines steep slopes as areas with an overall rise of 15% over 15 meters or more or areas with 

https://www.glahf.org/watersheds/
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greater than 27% slope over any distance. No commercial forest harvest is recommended for these 

slopes. These sites would benefit from BMPs that consider the stabilizing capacity of specific species; 

late successional species are found to have the greatest root tensile strength (Davidson et al., 1989).  

 

Additional recommendations 

As a secondary priority, the distribution of deciduous versus conifer tree species should be considered 

as they retain water at different rates (Nejadhashemi et al., 2012). A minimum percentage of coniferous 

cover should be established as a management target for the basin. 

Agriculture 

STF efforts on agricultural lands must accommodate the reality that the traditional crops that form the 

basis of the agricultural economy depend on rapidly removing excess moisture from farm fields. Within 

that context, we recommend the following prioritized approach:   

 

Pursue opportunities to harness transitional agricultural areas to increase interception, infiltration, 

and retention 

Some farmland in the basin is converting back to forestland (discussed further below). Such 

άǘǊŀƴǎƛǘƛƻƴŀƭέ ƭŀƴŘ ƛƴŎƭǳŘŜǎ ƭƻǿ-intensity hay production or pastureland that is farmed as a hobby or to 

maintain agricultural use assessment and lower property taxes (Figures 3 and 4). It also includes fields 

that are no longer actively farmed and are in the early stages of old field succession.  These transitional 

lands are candidates for wetland restoration or for woody biomass crops that can provide economic 

returns to owners while also decreasing runoff. The effectiveness of such plantings could be increased if 

legacy soil compaction was addressed before planting and if the biomass crops were planted in concert 

with subsurface plowing to de-compact soils (i.e., keyline plowing, Duncan and Krawczyk, 2018).  More 

research is needed to understand the potential of these methods.  

 

 

 

 
Figure 3. Example of identifying lands not managed for row crops to identify opportunities for 

wetland or forest conversion.  



wŜǾƛŜǿ ŀƴŘ wŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ {ƭƻǿ ǘƘŜ Cƭƻǿ tǊŀŎǘƛŎŜǎ ƛƴ ²ƛǎŎƻƴǎƛƴΩǎ [ŀƪŜ {ǳǇŜǊƛƻǊ .ŀǎƛƴ October 1, 2022 

  

20 | P a g e 

 

 
 

Incentivize STF flow practices and non-point source runoff trading 

The trading of water quality credits is an established practice in many parts of the U.S. and typically 

involves point source discharges of pollutants (such as wastewater treatment plants) paying landowners 

within the same watershed to reduce the non-point discharge of pollutants (EPA, 2008). Such programs 

are most effective when the cost of reducing the non-point discharge is less than the cost of reducing 

the point source discharge.  Phosphorus trading is the most common form of water quality trading (EPA, 

2008).  Typically, the non-point phosphorus credits are generated by farmers implementing best 

management practices to reduce soil erosion or by installing clean-water diversions to reduce manure 

and nutrient losses from barnyards (EPA, 2008). A phosphorus trading program for the Chequamegon 

Bay region (where agriculture in the Lake Superior basin is focused) would likely be structured 

differently. Studies indicate most of the phosphorus discharge occurs during storm events and most of 

that phosphorus comes not from agricultural lands themselves, but sediment eroded from within 

stream channels (EPA, 2008). The channel or bank erosion is caused, in part, by increased or rapid runoff 

from agricultural lands.  Thus, generating phosphorus credits from agricultural lands in the Lake Superior 

basin could be done by implementing actions that slow the flow, reduce peak flow events, and reduce 

stream bank and bluff erosion. 

 

The key to any water-quality trading program is sufficient monetization of the generated credits to 

provide an incentive for making land use changes or implementing the practices (EPA, 2008).  Typically, 

the monetization results from point-source dischargers being compelled to reduce loading through a 

local, state, or federal permitting process.  No point-source dischargers are currently facing such 

mandated reductions in the Chequamegon Bay region.  Instead, one option to monetize phosphorus or 

slow the flow credits would be for local municipalities to implement either a mandated or voluntary no-

net increase or reduction in phosphorus losses from permitted land uses.  For example, an agricultural 

 

 
Figure 4.  Fields in the early stages of transition out of agricultural production could be used to help 

slow the flow through wetland restoration or conversion to biomass plantings designed to improve 

infiltration, interception, and retention. 
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operation or new building project that would result in increased runoff rates could be compelled or 

ŀǎƪŜŘ ǘƻ ǾƻƭǳƴǘŀǊƛƭȅ ƻŦŦǎŜǘ ǎǳŎƘ ŀƴ ƛƴŎǊŜŀǎŜ ōȅ ǇǳǊŎƘŀǎƛƴƎ άslow the flowέ ŎǊŜŘƛǘǎ ŦǊƻƳ ŀ ƭŀƴŘƻǿƴŜǊ ǘƘŀǘ 

implements practices to slow the flow such as wetland restoration or conversion of pasture to trees. 

 

Another model to incentivize targeted BMPs for slow the flow efforts would be for resource 

managers/funders to focus cost-share dollars in areas known to have a high proportion of intensive 

agriculture and have flashy streams. For example, to focus wetland restoration on transitional 

agricultural lands within the same watersheds as those identified as having a greater percentage of 

intensive agriculture.   

 

Implement best management practices on intensive farmlands 

On high-intensity farmland involving tillage and production of annual row crops, there are well-

established best management practices that should be encouraged to help reduce runoff rates.  These 

recommended practices are summarized by Lewandowski et al. (2015) and listed in Table 1.  Of all the 

listed practices, the production of perennial crops is likely the most effective as the perennial roots 

improve infiltration and the overwintering biomass improves surface roughness.  The use of annual 

ŎƻǾŜǊ ŎǊƻǇǎ ǘƻ άǇŜǊŜƴƴƛŀƭƛȊŜέ ǘƘŜ ŀƎricultural lands can also be effective, particularly after corn silage 

harvest where there are very little crop residue and harvesting equipment traffic compacts the soil.   

 

Urban and rural residential   

For urban and rural residential settings, we recommend focusing most slow the flow efforts in the upper 

portion of the basin, while also addressing important coastal resiliency needs to protect life and 

property in urban areas: 

 

Identify and prioritize STF efforts upstream of urban centers that will reduce peak flows and flooding 

in developed areas. 

Since the largest urban areas in the basin, Superior and Ashland, are in the lower portions of 

watersheds, the effects of urban BMPs would be limited ǘƻ ǘƘŜ ƭƻŎŀƭ ŀǊŜŀǎ ŀƴŘ [ŀƪŜ {ǳǇŜǊƛƻǊΩǎ 

nearshore. Slow the flow efforts in the upper portions of the watershed would result in cumulative 

benefits for the urban communities downstream.  

 

Implement bioretention and stormwater management approaches to help protect urban 

infrastructure.  

Urban communities are, however, affected by their coastal locations. Flooding during storm events is 

exacerbated by high lake levels and storm surges, as well as by elevated peak flows. Existing urban 

infrastructure is often not designed to accommodate increasing peak flows, and damage to 

infrastructure due to storm events can and has had major costs to coastal communities. Bioretention 

systems can capture and store surface runoff in urban and rural settings. Simplistic designs can capture 

roof runoff in rain barrels and/or rain gardens. In more commercial sites, green roofs or stormwater 

storage ponds have the capacity for larger flows (Bro and Fratt, 2011). Implementation of green 

infrastructure projects would increase resiliency to storm events in urban areas.  
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Continue assessments to identify and prioritize replacement or upgrades of road-stream crossings 

that have undersized culverts, are barriers to organism passage, or have eroding soils.   

There are several ongoing efforts in the basin to address the need for increasing the capacity of culverts 

to manage increased and increasing peak flows. The US Forest Service established standard methods for 

assessing road-stream crossings for capacity, effects on stream health, stability, aquatic organism 

passage, or erosion issues (USFS, 2020). These methods are currently used to inventory crossings in the 

Great Lakes including in the Lake Superior basin in Wisconsin. In addition, the University of Wisconsin 

and Wisconsin Coastal Management Program have established a culvert mapping community of practice 

to share data and methods (https://www.wicdi.org/). Continuing these efforts will contribute to 

reducing damage to infrastructure.  and sources of erosion. Building a stream-crossing inventory has 

been a priority across the Great Lakes: https://great-lakes-stream-crossing-inventory-

michigan.hub.arcgis.com/. 

 

Receiving waters  

Historically, upland work has focused on upland problems, however, protection or impairment of 

receiving waters may also be an important driver of upland conservation efforts. This could include 

communities identified as endangered, threatened, or of special concern such as poor fens, which are 

sedge-dominated wetlands found on strongly acid-saturated peat (Cohen et al., 2020). We recommend 

to: 

 

Prioritize STF efforts in watersheds that drain to poor fen coastal wetlands.  

Poor (acidic) fens commonly occur along the coast of Lake Superior but also occur in kettle depressions 

and flat areas of glacial outwash or lake plains (WDNR, 2015; Cohen et al., 2020). These ecosystems 

deserve protection because they contain high species diversity and provide spawning and nursery 

habitat for a rich assemblage of native and sport fishes (Epstein, 2017). Poor fens can be distinguished 

by their weakly minerotrophic peatland soils influenced by surface and/or groundwater and relatively 

high species diversity (Epstein, 2017). They are similar to open bogs, but have a higher pH and a 

decreased presence of leatherleaf and Sphagnum species (Epstein, 2017). In the Lake Superior basin, the 

vegetation in open bogs is slightly elevated above the influence of mineral-rich groundwater by the 

growth and influence of Sphagnum hummocks (Epstein, 2017). Sphagnum hummocks wick water 

upwards, but also actively acidify the rooting zone and causes nutrient availability to be extremely low 

(Epstein, 2017). Protection of fen hydrology is the paramount conservation consideration to ensure that 

water levels remain within a range of natural variability and that saturation of the peat is constant 

(Epstein, 2017). Runoff laden with sediment, nutrients, or pollutants can alter the chemistry of ground 

and surface waters and affect the suitability for the sensitive peatland biota (Epstein, 2017).  

 

A watershed-scale strategic approach 

The landscape-scale processes described above interact in complex ways to affect hydrology. Therefore, 

a strategic and targeted watershed approach is recommended to best reduce runoff and address 

corresponding habitat and water quality problems.  By this, we mean that funding and effort should be 

focused on locations across the basin where they will have the greatest effect on water quality problems 

https://www.wicdi.org/
https://great-lakes-stream-crossing-inventory-michigan.hub.arcgis.com/
https://great-lakes-stream-crossing-inventory-michigan.hub.arcgis.com/
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at a basin scale. In this section, we describe the capacity and precedent for taking a watershed-scale 

strategic approach in the Lake Superior basin in Wisconsin.  

 

There is growing momentum and capacity for this type of approach to restoration and protection in the 

Lake Superior basin of Wisconsin. The Lake Superior Collaborative 

(https://fyi.extension.wisc.edu/lakesuperiorcollaborative/) was formed in 2018 from historical 

partnerships dedicated to partnered conservation and restoration work in northern Wisconsin. The LSC 

is currently coordinated by a UW-Extension staff position that is financially supported by UW-Extension, 

the US Forest Service, the Natural Resource Conservation Service, and the Lake Superior National 

Estuarine Research Reserve. The LSC was established to continue and sustain watershed-scale efforts to 

protect and restore Lake Superior and its basin in Wisconsin. It consists of government, academic, tribal, 

and non-ǇǊƻŦƛǘ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǿƻǊƪƛƴƎ ƛƴ ǘƘŜ ōŀǎƛƴΦ ¢ƘŜ ǎƘŀǊŜŘ Ǿƛǎƛƻƴ ƻŦ ǘƘŜ ǇŀǊǘƴŜǊǎƘƛǇ ƛǎΥ ά¢ƘŜ 

ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ŜŎƻǎȅǎǘŜƳǎ ƻŦ ²ƛǎŎƻƴǎƛƴΩǎ [ŀƪŜ {ǳǇŜǊƛƻǊ .ŀǎƛƴ ŀǊŜ Ŏlimate resilient and supported by 

ǎǳǎǘŀƛƴŜŘ ŀƴŘ ŎƻƭƭŀōƻǊŀǘƛǾŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇŀǊǘƴŜǊǎƘƛǇǎ ŀƴŘ ǇǊƻƧŜŎǘǎΦέ ¢ƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ŀƛƳǎ ǘƻ ŦǳƭŦƛƭƭ ǘƘƛǎ 

vision by aligning conservation priorities with the Lake Superior Lakewide Action & Management Plan 

(LAMP), implementing projects to reduce pollution, improve habitat, and increase climate resiliency, 

facilitating exchange among partners, and conducting public outreach to encourage watershed 

stewardship.  With the vision and partnerships established by the LSC, partners in the region are well-

poised to develop and implement a strategic and targeted watershed approach to reduce runoff and 

address related habitat and water quality problems. 

 

Funding is a key component of any implementation strategy. A major source of potential funding is 

Clean Water Act Section 303(d) funding, which addresses water quality issues and advocates a 

watershed approach to planning. In Wisconsin, to access Clean Water Act Section 303(d) funding, 

watersheds must first develop a ά9 Key Element PlanΣέ which includes specific requirements defined by 

the US Environmental Protection Agency. The state can approach a city and/or county to address TMDL 

or impaired waters. Cities and/or counties can also approach the state if they see a need for a 9 Key 

Element Plan in their jurisdiction. To create a 9 Key Element Plan for a watershed the local government 

and the state work together to solve common problems. The state assists with the development of the 

plan, by helping determine what the needs are, identifying areas of prioritization, and defining the scale 

of the watershed project. The state leads the project only when it is addressing a TMDL. The completion 

of a 9 Key Element Plan allows for cities and counties to apply for EPA 303(d) funds and restore their 

watershed. Wisconsin only has the capacity to conduct a limited number of 9 Key Element Plans at one 

time. To date, most of the plans have been focused on priority watersheds in the southern part of the 

state.  In the Lake Superior basin, there are two 9 Key Element Plans efforts currently underway: The 

Marengo watershed which was completed in 2013 and Douglas County/City of Superior 9 Key Element 

Plans which is currently about 1 year into their planning.  

 

The Marengo 9 Key Element Plan included multiple stakeholders organized into a Citizen Involvement 

Team, a Technical Team, and a Steering Committee.  Nearly 30 different local state and federal agencies 

and organizations participated in the plan. The resulting Marengo River Watershed Action Plan (BRWA 

2010) used a combination of open lands data and National Streamflow Statistics Program modeling 

outputs to identify priority locations for implementation of slow the flow practices.  Analysis conducted 

https://fyi.extension.wisc.edu/lakesuperiorcollaborative/
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for the plan estimated 2-year peak discharge normalized by watershed area in 30 nested, pour-point 

Marengo subwatersheds (Fig. 5) (Hollenhorst and Hudson, 2011) combined with a summary of the 

percent of open lands in those same 30 watersheds (Table 2). Results identified areas susceptible to 

excessive peak flow volumes and corresponding erosion and sedimentation (Fig.6). This approach used 

the 2003 USGS flood frequency regression equations that include evaluation of soil permeability, 

snowfall, percent storage, and slope (Walker and Krug, 2003).  

 

Table 2. National Streamflow Statistics Program (Walker and Krug, 2003) model inputs predicted two-

year peak discharge (cubic feet per second) results, and discharge results normalized per square mile of 

area for each of 30 subwatersheds within the Marengo River Watershed. Also included within each 

subwatershed is percent open land and forests <16 years old (Community GIS, 2009). Highlighted 

subwatersheds had a discharge greater than 20 cfs/mile2 and greater than 20% open lands. 
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Figure 5. Results from National Streamflow Statistics Program (Walker and Krug, 2003) modeling for 30 

subwatersheds in the Marengo River watershed ranked from largest to smallest. The plot shows the 

mean discharge (green bars), mean discharge greater than 20cfs/sq.mile and 20% open lands (blue 

bars), percent open lands (red squares)Σ ŀƴŘ ŜŀŎƘ ǎǳōǿŀǘŜǊǎƘŜŘΩǎ ǇŜǊŎŜƴǘŀƎŜ (blue diamonds) of total 

Marengo River Watershed land area. 
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Figure 6. Results from National Streamflow Statistics Program (Walker and Krug, 2003) modeling for 30 

subwatersheds in the Marengo River watershedΦ ¢ƘŜ ŘƻǘǎΣ ƻǊ άǇƻǳǊ Ǉƻƛƴǘǎέ όƳŀƴȅ ƻŦ which overlap) for 

each watershed are sized based on the predicted 2-year peak discharge per square mile. Blue 

highlighted subwatersheds are those with a predicted 2-year peak discharge per square mile greater 

than 20 cfs and that have at least 20% open lands. 

 

Other regions are implementing effective approaches for strategic and targeted watershed 

management. The state of Vermont uses a similar STF approach based on applying the concepts 

described in this report to reduce flood risk by implementing measures that emulate the natural 

functions of subwatersheds, wetlands, floodplains, rivers, and coasts. Vermont has conducted more 

than 150 different stream geomorphic assessments with the data maintained in the Stream Geomorphic 

Assessment Data Management System (available at https://anrweb.vt.gov/DEC/SGA/default.aspx) and 

organized within the Vermont Flood Ready website (https://floodready.vermont.gov) which also 

maintains data about community flood risk assessments, funding sources, and other flood resiliency 

planning resources. Wisconsin Wetlands Association (WWA) is currently using ±ŜǊƳƻƴǘΩǎ efforts as a 

model for a strategic approach to watershed management in the Lake Superior basin.  

 

In the aftermath of the 2016 flood, the Wisconsin Wetlands Association (WWA) made the case for 

protecting vulnerable infrastructure through Natural Flood Management (NFM). NFM is an approach 

ǎƛƳƛƭŀǊ ǘƻ άǎƭƻǿ ǘƘŜ Ŧƭƻǿέ that originated in the UK and focuses on three methods: reducing the rate of 

https://anrweb.vt.gov/DEC/SGA/default.aspx
https://floodready.vermont.gov/



































































































































































